TECHNICAL MEMORANDUMS

NATIONAL ADVISORY COMMITTEE FOR AXRONAUTICS

l

No, 865

BRHAVIOR OF STATIC PRESSURP HEADS .AT EI&E SPEEDS
By Helmut Danlelzilg
ﬂ@ Luftfahrtforschung

Yol. 14, No. 6, June 20, 1937
Verlag von R, Oldenbourg, Minchen und Berlin

QR o

N

Washington
June 1938

9.9
N




NATIONAL ADVISORY COMMITTHE FOR ARERONAUTICS

TECHNICAL HEMORANDUM NO. 8656

LI

- LI

BEHAVIOR OF STATIC PRESSURE HEADS AT HIGH SPEIEDS*

By Helmut Danlelszig
SUMMARY

The present report descrlbes the development of a
static pressure head for high speeds. The tests proved
its practicabllity at speeds up to 400 km/h (248.65 m,p.h.).
It welghs 6.5 kg or 2,5 times as much as the old head,

The posltlon of the pressure head below the alrplane
was determined by bearing method at different speeds and
for different lengths of susponslion, It was ostaeblished
that for the measured speed range a 20 to 24 m suspension
length was eufficient to aseure a minlmnm distance of 6 m
from the airplane without introducing any appreciable er-
rorse in the results due to wrong static pressure, 4 tubdb-
inz for a spoed of 600 km/h (372.8 m.p.h.) has been con-
structed aes experimental project which, with a pressure
head welghing 9 kg, should equally assure a suffilciently
great vertical dlstance at this speed.

The supporting and pressure-tapping element 18 an
all-metal tublng of 7 mm dlameter and 4 mm inside wildth,

Parallel wlth the tests, a nomographlc method was
evolved for the rapld and accurate determination of the
tubing curve. The practicability of the method is reflect-
ed by the comparative measurements and recommends 1tself
also for the determination of alrplane antenna curves,

I, INTRODUCTION

] By virtue of 1ts economical advantages and 1ts re-
markable precision, the pressure-head method. is .finding

*®YVerhalten von etatischen Sondon bel hohen Geschwindig-
kelten,'" Luftfahrtforschung, vol. 14, no. 6, June 20,
1937, pp. 304-309.
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widespread favor over the previously customary quadrangular
flightes for relative speed determlnations and exact dynamic
pressure callbratlons, The pressure-head method is, as 1s
known, based upon Bernoulli!s fundamental equation:

Ptotal = Pstatic * Pdynamic

wiere the total pressure pi, ;.7 18 obtalned with a DVL

total-head meter and the statlc pressure Dpgia43.s DY

means of a static pressure head tralled several meters be-
low the airplane, The two pressurces yleld as differonce
the true fllght dynamlc pressure., The conventlonal static
pressure head heretofore used by the DVL welghs 2.4 kg
while the tubing connecting with the alrplane 1s a 20 m
length of rubber hose of € mm outside and 3 mm inside 4i1-
amneter housed 'in wire netting. Tals instrument 1s not
practical at speeds above 250 km/h, as the dynamic stabil-
1ty of the suspension cable becomes inferior at such
speeds. The vibrations set up by gusts or irregularities
in propeller slipstream no longer die out, dbut are propa-
gated 1n direction of the hose end where the static pres-
sure head 1tself is thrown into erratlc oscillatlons of
such amplitude that not only reading 1s falsified, dut

the alrplane itself.ls endangoered.

Another reason for not exceeding the clted speed of
250 km/h 1s that at higher speeds the head itself may be
ralsed so high that 1t eventually finds itself in the wake
of the airplane,

II., TEST PROCEDURE

In order to arrive at a satisfactory solution of the
problem, the DVL made systematic flight tests with a
Heinkel He 70. The floor plates were removed during these
tests to provide an uninterrupted view of the pressure
head and of the tublng, Above the two opeaings wo mounted
two bearing loops which, after sighting the pressure head
on a sector ecale, permitted the reading of.the .angle of
the pressure head below the alrplane with respect to a
body-flxed referenco axis (fig. 1). The distance of the
boaring-loop axes amounted to 1,57 m. The measuring ac-
curacy of the bearing device was closoc enough to remain
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below a 1imit of error.of =0,6 m in the -computation of the
pressure-iead position relative to the airplane, The

" static préssure tubing conelsted of “an-all-metdal hose of

7 mm outside diametor made by tho Berlin-XarlsruherIndus-
trie~¥Yorke, Tho all-mctal hose was preforrod after previ-
ous tests had disclosod that tho customary metal-wound
rubbor hose is occaslonally squeezed off at the polnt of
emorgence from the airplane*, The total length of avall-
ablo hose was 24 m, The hoso lead from a spool of 200 mm
dlameter over a roller to the pressure head, A dynamomo-
tor of 20 kg test range was provided to be installed 1n
the hoes portion between roller and spool and indiocated
the tenslon 1n the hose, Flight performance losses due to
the drag componont in flight directlon were accounted for
in measurements of the slope of the upper end of the hose
relative to the longltudinal axls of the alrplane, Agreo-
ment of the measuromente wlth respect to tlme for the read-
ing of thc bearing-loop settings by two observers was in-
surod by a llight signal,

The flight tests were made at spseds of from 200 to
350 km/h, No readings were possible above this speed, be-
cause the pressure head was no longer within range of the
forward bearling loop.

The speedomoter employed in those flights was flight-
tested over a square course., .4ull measuremsents were made
1n horizontal flight as much as posaslible in order to pre-
serve the condition of flow direction perpendicular to the
directlon of gravity, Complliarce wlth this conditlion makos
direct comparieon of tho freo-flight data with the subse-
quently described calculation method for defining the tub-
ing curve, poseldble. Horizontal flight was posslidle up
to speeds of 330 lkm/h; increased to 350 km/h with full.
throttle, the airplane already exhlblted a slinkling speed
of 2 m/a, .Evon so, the resulting errors romain within tho
bounds of moasurling accuracy. In the flret fllght tosts
an oxperimental modol consisting of a streamlined brass
Pipe of 40 mm diameter fillod with hard lead and four
plain fins was employed, Tao total weight of the model
amounted to 5.4 kg, The same plalin stadvdllizing fins were
used.on the final design (fiz. 2) rather than the-stablliz-
.ing cone with 39 angle of incijdence (fig. 2a) used on the
1ow-speed pressure head, which had proved lmpracticable
for hlgh speeds, .

*Owing to the relatively short life of metal hose, various
synthetlc products are telng investigatod by the Institute
for Aeronautics.
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The pressure head was suspended, as already stated,
from an all-metal tublng which at tho same time served as
supporting -and pressure-tapplng element., The polnt of
suspenslon was provided directly above the center of grav-
1ty of the pressure hecad. A link connectlion between pres-
sure head and tubing kept the lever arm and therewlith the
turaing moment about the transverse azis of the pressure
head to a minlmum.

In the final version (fig. 2) the link consists of a
ephoere carried in tho head and terminating at the top in
a nock H 4 mm thick and 100 mm long, The upper end of
H is hollow wlth a nipple X at thc side., The neck is
soldored to the metal tubling. Ashort plece of rubber hose
serving as pressure tap, connects nipple ¥ wlth the
pressure-head nipple N5, which in turn leads within the
pressure head to the arnnular slot. A safety agalnst turn-
inz of the sphorical plvot about the normal axls of the
Pressure head preveats tiae rubber hose from becoming de-
tached, Both the head and the stabilligzing ring are of
nickel-plated steel, The total length 1s 525 mm, for a
diameter of D = 45 mm, The annular slot for tapplng the
statlc pressure lles E D &aft of the foremost point of the
pressure head. Wind-tunnel tests disclosed a 2.4 percent
static-pressure dlfference as compared with the static
reading of a calibrated Pltot tube of normal sige.

I1I, BRZSTLTS- OF TESTS

Qualitatively, the flight tests revealed that both
the pressure head and tubing remain so much more steady
as the extensldility is less and the stabllity of the tub-
ing greater, that 1is, the greater the rostoring forcee are
which occur as soon as the tublng curve 1s changed by asome
outside influnence, such as guste, for lnstance., The sta-
bility of the tubing (anart from tne cable stiffness which,
however, is not attempted in the interest of windability),
is chiefly influenced by the welght of the instrument, It
was noticed that all osclllatory motions set up during the
measurements originated 1an the upper part of the tublng
exposed to propeller slipstream and wing wake, while the
head 1tself was only indirectly set in vibration. These
vibrations are at rlght angles to the direction of fllght,
By inoreasing the welght from 2.4 kg (welght of the old
pressure head) to 5.4 kg (welght of experimental model)
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and employing the cited metal tubing, 1t was possible to
lower these:transverse osclllations to a minimum, This
arrangement damps out even oscillations set up 1n gusty’
weather remarkadly quickly without causing any appreclable
dlsturbance of the head itself.

BEaving succeedef In the matter of welght of pressure
head and type of tubing to insure 1n principle perfect
performance up to speeds of almost 400 km/h the position
of the pressure. head with respect to the alrplane was de-
termined at speeds of from 210 km/h to 350 m/h with tub-
ing of 12, 16, 20, and 24 m length, '

~ With the notation of figure 1, the depth and trail
of the pressure head follow from the relatlone:

. a g8ln klisin E& [m] - (1)
sin (k, - k)

cos kj; sin kg [m]
sin (k, - kp)

(2)

Flgure 3 shows the depth z from the measurlng base a
parallel to the longitudinal alrplane axls plotted agalnst
the speed, wlth tubing length as parameter, With tublng
of 20 m length, the normal depth 9.7 m drope to 6.5 m when
the speed changes from 210 to 350 km/h. which, extrapolated
to 400 km/h, still leaves a depth of 6.0 m. This length
should undoubtedly suffice to reduce the error in reading
resulting from the falsification of the static pressure to
a practically inslignificant magnitude (reference 1).

The effect of the suspension length on the normal dls-
tance from the reference base is comparatively small within
the explored limits according to figure 3. Doubling the
length from 12 to 24 m increases, at 300 Xxm/h, the distance
from 6,6 to 7?7 m, 1.,e., a 100-percent-length change produces
only a 27 percent change in depth, With greater hose
lengthse ‘the change becomes even less, because the angle of
exit of the hose from the airplane becomes consletently
less on account of the greater total drag.

Much more lmportant is the influence of the suspension
length upon the position of the head behind the airplane,
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Lengthening the hose from 12 to 24 m results in more than
twice as great a change in trall, accordlng to figure 4,
¥ithin the measured interval; both the depth and trall of
the head change approximately linearly wlith the speed.

In order to assess the speed losses due to the head
and the suspenslon tube, the force and direction of the
suspension tube on the alrplane body must be known, PFig-
ure 5 depicts these quantitles for a 15 m suspension
length agalnst the flying speed. The groatest force re-
corded on the tubing amounts to ~ 10 kg. The two quantl-
tles give the force component in flight direction, It 1s
advised to use the static pressure head, especlally on
smaller airplanes, only for callbratling the recording in-
struments, but to make the tests themselves with reeled-in
head. With known alrplane gquantlities the correspondlng
proportionate A C, and thence with avallable alrplane

polar the followlng relation is obtasined:

. 3
VPl 4+ ailr-speed head _v// Cw (3)
VFl Cy + A C'

whereby:
Vr1 + air-speed hoad = flylng speed with alr-spoed
nead,

Vpy = flying apeed wilthout alr-speed

head,
Cou = drag coefflecicnt of airplane,
Ac, = drag coefficlent of alr-speed

assembly.

This holde for horizontal flight, 1.e., thrust = drag.
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IV. DESCRIPTION OF NOUOGRAFEIC URETHOD EMPLOYRD

TO DEFINE THE SUSPE&SION-HOSE CURVE

There are several known methods of definlng the form
of the curve resulting from towlng heavy bodlies from a
flexlble catle through alr for the purpose of predicting
the poeltlion of the alr-spced head 1n space, However,
these methods are in part time-consuming, or, as 1s the.
casc of Glauert'!s method (reference 2), they proceed from
essumptions regarding the 1ift and drag of the hose, which
. are considerably at varlance wilth corresponding wind-tunnel
teats, For thls reason, it sgemed expoedlent to ovolve a
method which conformed to actual condltlions over a wlde
flold,as well as boing short. And the results as rogards
desirable accuracy fulfilled our expectations,

The method 1s predicated on a chord curve rather than
the sag curve and postulates that the cable stiffness of
the susponsion has only a minor influence on the form of
tho curve 1tsolf owing to the comparatively great curva-
ture radil of tho curve,

The suspension hosé is first divided into chord pleces
of equal finite length, ' Chord lengths of 60 cm proved
small enough to be serviceable as substitute for the relat-
ed arc plece as theoretical basis,

Hotatlon
Ca» lift coofficient of a hose element
Cus drag coefficlent of a hose element
a, flight dynamiqufepsure (kg /m2)

Ay, -verticél force component at_hose element (kg)

" horigzontal force conponent at hose element (kg)
Al 1angth of suspenai;n hoae element (m)

a diametar of suspension-hose (m) .

AT = A1d area of suspension hoso element ()

Gg, wolght of suspension hose cloment (kg)
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-

g, &angle of incidence of a suspension-hose element
to the flow (deg.)

Adg, 11ft of a suspension-hose element (kg)

Wy, drag of a suspension-hose element (kg)

G, welght of air-speed head (kg)

v, drag of alr-speed head (ks)

Figures &5 and 7 deplct the 1llft and drag for metal-
wound suspenslon hose of 7 and 8 mm dlameter, respectively,
The angle of lncldence of the suspension hose ranges be-

twoen 15 and 75 wunder practical conditions, A good ap-
proximation 1is: ' :

¢ sin2 gy (4)

cqg = C, 81n® gy cos ag (5)

It involves empirically deflned functlons whose va-
1idity for dlfferent tube diameters was confirmed in wind-
tunnel tests of the DVL, On these premises, the average
error remalns considerably below 10 percent in contrast
to the 30 percent by Glauert!s method,

¥ith (4) and (5), the 1ift and drag of a chord ele-
ment are:

Wg=qAFGsinaa,5]

a (6)
Wg = Ca sin qg j

by = q AF C, 8in? g  cos a

Ag = C, 8in® g, cos ag (7)

whence fligure 8, in conjunctlon with the equilibrium con-
ditions for a hose element, gives:

IV =0

ZH =0 : By - By_, - C, gin® Qg = 0 (9)
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2n=0:An_lblcola5+Gs£COBas-3n_1Al

X sin g - Wg %; sin qg - A %; cpé g = 0 (10)

The introduction of the functions for Ag and Wg
and divielon Dby

Cy A 1 8ln g4

2
in equatlon (10) gives
2 Ap. e 2 B
2 cot ag + -2 cot ag - -2z
Cs G Cs
- 82 g40% g, - eln g cos® gg = O (11)
Cs
or
c e B 2 a
sin g cos® ag + -2 sinag + Ll Anfl4— 8 cot ag (12)
-] c'..'- ca
For the tip of the head, it is A,_,=@ and
Bp., = W; V¥ must be ascertalned in the wind tunnel,

Equation (11) combined with (8) and (9) could already

. be used a8 recursion formula, 3But the purely analytiocsl

solution for a function of ag 18 so difficult that the
nomographlc method of solutlion was preferred.

The momograph 1s essentlally a system of two scales
(fig. 9). The left-hand scale i1s vertically graduated for
the cot function, that 1a, for different coefficlents

2 A+ G4

5 which are of the anticlpated order of magnitude
3 o - e el e
of the coefflcient of cot a, in oguation (11). Figure

. 9a, contalning the function,

A=£(21+Gg)
c"

-
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faclllitates the finding of the coefflclents relevant to the
different A,

The right-hand scale in figure 9, contalning the other
three terms of (12), is in two parts, The part above the
traced absclssa comprises the sum of the two terms to the
left of the equalsaign

c
? ag + =2 gin? Og

sin ag cos

While the cited upper part of the ordinate depends,
C C
apart from oag, only on the ratio =2 - o 1,e., on the
. 3 Vi .
ratio of the coefficlents of 1ift and drag and consequent-
ly assumes other values simply ae form factor for different
tublngs, the lower part carries the function

22 £f(B). The different stralghts correspond to differ-

Ca
ont C,, 1.e0., different impact pressures for chosen

thickness and longth of the tubing elements,

Flgures 10 and 11 faclllitate the determinatlon of
forces A, and B, 1in (8) and (9). They render the trac-

ing of C, 8in® q, and Oy 8in® g5 cos ag for different
Gg and C values, possible,

First, the constants C and C, are ascertainéd from
the wind-tunnel curves (equations (4) and (6)). Then, the
choice of chord length, tubing dlameter, and lmpact pres-
sure 18 followed by the calculatlon of:

Co=A414d4q0 , (13)

c

5 A l1daC, (14)

As the construction of the tubing curve starts from
the free end of the suspension tubing, the drag and weight
of the air-speed hsad must be established first,

Then the chord curve 1ls bullt up with the above gquan-
tities as follows:
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from figure 9a (for

2 A+ Gg
1) Determine value =
- » e LR, ar - - 3

start A . = G) and ascertain in figuﬁe-é.

. 3 B .

2) Determine ——E£=%' in figure 9 (for start

3 .
Bp1 =M.

2) Connect both points and shift parallel upward,
until equal angles appear on the ordinates (plot
the 1lst chord element).

4) Define the new A from the preceding A Dy sub-
tracting Gg and adding the amount of 1ift which
corresponds to the Just found ag 1n figure 11,

6) Determine the new B from the previous B, by
adding the amount of the drag whlch corresponds
to the Just found ag 1in figure 10,

6) Proceed with A and B as undor 1, 3, 3,

Concerning point 3, it should be noted that the paral-
lel shift merely fulfills the condition (egquation 12),
which postulates that the sum of the terms on the left-
hand slide of the equation i1s equal to the term on the
right-hand side,

The tubling curves I, 1I, IIl 1in figure 12 were ob-
tained by this method, OCurves I and III are for the heavy
air-speed head at 210 and 350 km/h, while curve II indi-
cates the position of the small alr-spoed head at 310 km/h,

The dote deslignating the various speeds on which the
caloulatlon was based, are actual poslitions of the alr-
speed head in space as measured by bearing in flight, The
comparison of the measured and the computed values mani.
fests ample agreement,

Curve 1V in figure 12,also established by nomographic
method, im for a flying speed of 600 km/h and 26 m suepen-
sion length for an alr-speed head of 9 kg.

Translation by J. Vanler,
National Advisory Committee
for Aeronautlcs.
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Figure 1.~ Heinkel He 70 with static

pressure head for high speeds
(up to 400 km/h.). Experimental arrangement

for ascerteining the depth and trail.

Figure 2.- Static pressure head for

high speeds; totel length

625 mm; weight 6.5 kg; range up to
400 km/h; tubing diameter: 7 mm; H:
thrust; N-nipple, Ng= pressure head
nipple,.

Figure 2a.- Low-speed pfeséure héad;

total length: 450 mmg
weight: 2.4 kg; range; to 250 km/h,

Figs. 1,2,2a
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Figure 6.- 7 mm ilameter, Flgure 7.- 8 mm dlameter.

‘Relatlon of 1lift and drag coufficlents to angle of incldence for sue-
pension tube element of 400 mm length.

)
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Flgure 8.~ Force distribution on an element of the suspenslon
tublng.
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